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NAIPIONAL ADVISOEY COMMITTEE TOE AERONAUTICS 
RESEARCH MEM3BARDUM 

COEEELATION OF ANALOG SOLUTIONS WITH EXPERIMENTAL SEA-LEVEL 
TRANSIENT DATA FOR CONTROLLED TDEBINE-EROEBILLER ENGINE 
INCLUDING ANALOG RESULTS AT ALTITUDES 
By James Lazar and Wilfred L. DeRooher, Jr. 


SUMMARY 

A satisfactory correlation, -was obtained between eaqperimental sea- 
leTel transient data at constant flight speed and solutions from the 
analog representation. The analog repcresentatlan is accomplished by 
transfer functions that were formed from a freq.\iency- response analysis 
of the e3cperimental transient data as obtained from the controlled 
engine. This analog representation was then used to compute system 
response at altitude. 

The engine-control system with an underdamped sea-leTel turbine- 
speed response and fixed-control constants resulted in an oscillatory 
system at 35^000 feet. Variation of control constants to maintain 
sea- level turbine- speed response at all altitudes resulted in large 
blade-angle initial overshoot at 35,000 feet. This large blade-angle 
overshoot may result in over toi^que at 35,000 feet if the sea- level 
overshoot approaches maximum allowable torque. Variation of control 
constants to maintain system loop gain and ratio c£ engine time 
constant to control time constant at sea- level values resulted in a 
similar initial turbine speed and blade-angle overshoots at 35,000 feet, 
but in an increase in the time required for turbine speed to first 
reach its final value. 


INTRODCJCTIOH 

Early flight tests of controlled turbine-propeller engines indi- 
cated that a controlled engine system that is stable at low altitudes 
and low flight speeds is not necessarily stable at high altitudes and 
high f ll^t speeds (reference l) . In collaboration with the Air 
Materiel Command, U. S. Air Force, an investigation was initiated at 
the NACA Lewis laboratory to study reasons for the trend toward 
instability with Increase in altitude and flight speed, to provide 
a means for predicting the altitude behavior on a controlled turbine- 
propeller engine, and to indicate means for avoiding instability at 
altitude or high flight speed. 
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In order to accomplish the objectives of this program, the Air 
Materiel Command provided the HA.CA with turbine-propeller engines and 
several types of control system. The first phase of this engine 
investigation showed that the dynamic relation of turbine speed to 
fuel flow or blade angle is approximately a first-order lag and that 
linear differential equations are applicable over the sea-level 
static operating range of the T31-1 turbine-propeller engine 
(reference 2 ) . 

This report presents the correlation of analog solutions with 
experimental sea-level transient data for the Aeroproducts AT-1 
(modified) control on the T31-1 engine and analog results for alti- 
tude conditions at zero ram. The control varies blade angle to 
obtain a desired turbine speed while the power output of the engine 
is varied by adjusting the engine fuel flow. The control is essen- 
tially integral plus proportional in action and was modified by the 
manufacturer at the request of the KACA so that the amount of 
integral and the amount of proportional action could be varied. 

Trans lent -response data for the engine and the control were 
obtained from operation of the controlled engine system in a sea- 
level static test stand. A transfer-function representation of each 
of the loop ccaaponents was determined from analysis of the transient 
data. These component transfer functions were used to represent the 
system on an analog and. because the comparison of analog solutions 
and experimental data was satisfactory, the transfer functions were 
used to study the altitude response of the system. The analog repre- 
sentation was first used to investigate the effect of altitude on the 
controlled engine system with fixed control constants. In addition, 
two methods of varying the control constants to compensate for the 
effect of altitude on the system were studied. 


APPARATUS AND INSTBUMEMTATION 

1 

Engine 

Type Turbine propeller, T31-1 

Compressor Axial flow 

Burner section Nine reverse-flow combustion 

chambers 

Turbine Single stage, mixed flow 

Exhaust nozzle Fixed area 

Speed range 11,000 to 13,000 rpm 

Maximum turbine-outlet temperature 1265° F 


7>n.i 
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Type 
Diameter 
* Beta arm. 

Action 

Pltoli-change meohanlsm. 


Propeller 

Aeroproducts A542F-17 
12 feet, 1 inch. 

Input lever for propeller-pitch- 
change mechanism 

Proportloml relation between beta 
arm. and blade angle 
E^raulic, self contained 


Type 

Action 

Control mechanism 
Modifications 


Control 

Aeroproducts AT-1 (modified) 
Proportional plus integral 
Hydraulic, self contained 
Proportional and integral constants 
were provided with range of 
adjustments by Aeroproducts Divi- 
sion of General Motors Corporation 


Steady-State Instruments 


Turbine speed 

Engine fuel flow 

Propeller-blade angle 
Speed-setting-lever position 
Load torq.ue 


a-c. tachometer generator coupled 
to drag-type tachcaneter indicator; 

error ±l/3 of 1 percent 
for full scale 

Calibrated A.S.M.E. sharp-edged 
orifice with bellows-type differ- 
ential pressure gage; maximum 
error ±1 percent of full scale 
Position circuit (fig. 1); maximum 
error ±l/2° 

Position circuit (fig. l); maximum 
error ±1 percent of full scale 
Oil pressure of self-balancing 
hydraulic system, which acts on 
ring gear in reduction unit; max- 
imum error +1 percent of full scale 
Chromel-alumel thermocouple; maximum 
error i,20° E 


Turbine-outlet temperature 
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Transient Instruments 


Turbine speed 
Engine fuel flow 

Propeller-blade angle 

Speed-setting- lever position 

Propeller- input -lever (beta arm) 
position 

Turbine-outlet temperature 
Transient-data recorder 

Time scale 


d-c. tacb-ometer generator with fil- 
ter circuit to oscillograph gal- 
vanometer; break frequency of fil- 
ter circuit, 0.53 cycle per second 
Position circuit (fig. l); potenti- 
ometer connected to pointer of 
differential pressure gage con- 
nected to A.S.M.E. sharp-edged 
orifice; natural frequency, 

10 to 15 cycles per second 
Position circuit (fig. l); potenti- 
ometer connected to blade shank; 
slip-ring device used for elec- 
trical connection; natural fre- 
quency of oscillograph element, 

40 cycles per second 
Position circuit (fig. l); natural 
frequency of oscillograph 
element, 40 cycles per second 
Position circuit (fig. 1) ; natural 
frequency of oscillograph 
element, 40-cycles-per-second 
Chromel-alumel thermocouple; break 
frequency, 0.1 cycle per second 
Photorecording oscillograph with crit- 
ically damped 40 -cycles -per- second 
galvanometer elements (changes 
recorded from initial operating 
point) . Each oscillogram was cali- 
brated hy photographs of steady- 
state instruments taken before 
and after each run. 

10 cycles per second; voltage from 
audio- oscillator. Checked by 
60 cycles -per- second line frequency. 


1 -* 

M 


DETERvUNATION of transfer functions 

For purposes of analysis, the engine and the control system are 
represented by the block diagram of figure 2. All symbols are defined 
in the appendix. Each of the system ocmponents, control, propeller- 
pitch-ohange mechanism, engine, and speed -measuring Instrument, are 
indicated by a block. In each of the blocks, the transfer 
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function KG(lu)) relates the output to the input of that particular 
hlock (reference 3) . Speed error is formed hy a compeurison of 
req.uired speed and measure speed. The power output of the engine is 
varied hy the engine fuel flow. 

The determination of the tremsfer function for each component 
of the control system was necessary for the analog studies. Three 
steps were used to determine the transfer functions: obtaining con- 

trolled engine experimental transient-response data^ harmonic anal- 
ysis and freg.uency-response calculations, and fitting the transfer 
functions to the freq^uency-response data. 

Transient response of controlled system to disturbances in 
speed setting. - It was desired to determine the transfer functions 
of speed to blade angle, blade angle to beta £irm, and beta eum to 
speed error. Transient changes in turbine speed, blade angle, beta 
arm, and speed setting were recorded on a photorecording oscillograph 
for ramp-type disturbances in speed setting. The engine fuel flow 
was maintained constant throughout these runs. These transient data 
were obtained for various values of the integral and proportional 
control constants, which could be varied Independently by two screw- 
type adjustments. An eiasple of a transient run is shown in 
figure 3, which includes the 10-oycle-per-second timing marks. 

Contact with successive tuans on the winding of the potentiometers 
created the multitude of small steps in the traces of speed setting, 
blade angle, and beta arm. The temperature trace is not sufficiently 
accurate to be useful because of the low sensitivity. 

Harmonic analysis eind frequency response. - In order to deter- 
mine the transfer function of each system component (fig. 2), the 
frequency characteristic of each component was formed. The trans- 
formation from the time domain to the frequency dcxnain was accom- 
plished by harmonic analysis.- Methods of harmonic analysis that are 
used in this report and that apply to gas-turbine engines are dis- 
cussed in reference 4, For this particular work, the integrals of 
the harmonic analysis were evaluated using Biokley’s approiimatlcm 
fomiula for six differences with an IBM digital computer. 

Besults of the harmonic analysis of the input and output to each 
component are combined to compute the frequency characteristic. The 
frequency characteristic may be represented by the amplitude ratio 
and the phase angle of the output with respect to the input of the 
component as a function of frequency. The phase angle and the log- 
arithm of the amplitude ratio were plotted against the logarithm 
of the frequency for each of the components, as is shown in figure 4. 
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Freq.uenoy-response data for the engine and the speed-meeisuring instru- 
ment are shown in figures 4(a) and 4(h), for the propeller-p itch- 
change mechanism in figures 4(c) and 4(d), and for the control in 
figures 4(e) and 4(f). Figure 4 is discussed in greater detail in 
the next section. 

ITransfer functions of system ocmiponentB. - A transfer function 
may he considered as a function of freq.uency and thus a frequency 
characteristic can he prepared for each transfer function. Conversely, 
each frequency characteristic may he represented by a transfer function. 

For the engine and the speed -measuring instrument, the frequency 
characteristic as defined hy the data points in figures 4(a) and 4(h) 
indicates that the transfer function may he two lags in series. The 
form of the treinsfer function is 


From, equation (1), the amplitude ratio A and the phase eingle $ 
written as functions of frequency o) are 


and 


^(1^3) (i^) 




a tan"^ 


1-TgTr u)2 


( 2 ) 


(3) 


Equation (3) may be written for values of ‘i’ at -45° and at -90° 
from figure 4(h) and the two simulteineous equations solved for engine 
and speed-measuring time constants, and T^, respectively. The 

value of speed -measuring-instrument gain Ky is 1 so that the steady- 
state value of the measured turbine speed Njjj^ is the actual turbine 
speed Ng. The engine gain Kg is the ratio of the steady-state 

change in turbine speed to the steady-state change in blade angle 
The negative sign before K^ in equation (l) is the result of an 

increase in speed due to a decrease in blade angle. Equations (2) 
and (3) with appropriate values of the constants have been plotted 
as the dashed lines in figures 4(a) and 4(b), respectively. For 
frequencies less than 2 radians per second, the variation between 
the experimental frequency characteristic and the transfer -function 
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approximation is in the order of 2 percent in the anqplitude ratio 
against frequency plot (fig. 4(a)) and in the order of 4° in the 
phase angle against frequency plot (fig. 4(h)), Reference 2 and 
more recent data indicate that the transfer function of turhine 
speed to hlade angle is a first-order lag, thus the second lag is 
attributed to the speed-measuring instrument. 


The action of the propeller-pitch-change mechanism is such 
that a position of the input (beta arm) results in a corresponding 
position of the output (blade angle) . An examination of transient 
data indicated that the propeller-pitoh-change mechanism had a dead 
band and also a lag due to the hydraulic amplifier. The dead-hand 
effect can be observed in figure 3 where the blade angle does not 
move until the beta arm. has arrived at some -value. As these non- 
linearities are not easily represented, a first-older lag 




was assumed to represent the transfer function 


for the propeller-pitch-change mechanism. The -variation in time 
constant for a series of runs -was determined using the 22,5° point 
on the plot of phase angle against frequency. The time constant 
fell in the range of 0.2 to 0.45 second -with 0.3 second as an 
average. The propeller-pitch-ohange-meohanism gain Kp -was made 

unity so that the units could all be comMned in the proportional 
and integral constants of the control. The frequency characteristic 
of the propeller-pitoh-cbange-meohanlsm -tiansfer function approxima- 
tion [kg(1u.)J P* l+i 3 (jj plotted as the dashed lines of 


figures 4(c) and 4(d). For frequencies less than 2 radians per 
second, the variation between the transfer-function approximation 
and the frequency characteristic is of the order of 20 percent for 
the amplitude ratio against frequency plot in figure 4(c) and of 
the order of 6° for the phase angle against frequency plot of 
figure 4(d) . 


The data points in figures 4(e) and 4(f) define the frequency 
characteristic of the control and indicate that the form of -fche 
control transfer function should be integral plus proportional, 
that is. 




( 4 ) 
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w5i©re the control time constant is eq.ual to control proportional 

constant Kp divided hy control integral constant K^. Frcaa equa- 
tion (4), the amplitude ratio and phase angle eire 



The amplitude ratio approaches Kp as to approaches infinity. 

The value of Kp is taken as the value of the amplitude ratio at the 

higher frequencies of figure 4(e). Scale factors for the amplitude 
ratio are determined from the calihration of the ©aperimental transient 
runs. Also from equation (5), the amplitude ratio is approximately 
equal to Kj^/<o for low values of frequency. For a value of Kp 

determined from the high frequencies in figure 4(e) and a value of Kj^ 

determined from the low frequencies in figure 4(e), the resulting fre- 
quency characteristic of the transfer function did not agree too well 
with the experimental frequency characteristic as defined by the data 
points in figures 4(e) and 4(f). An examination of the accuracy of 
the method used to compute the experimental frequency characteristic 
of figures 4(e) and 4(f) Indicated that inaccuracies were more prob- 
able in the low-frequency range. These inaccuracies are due to the 
fact that a small error In either speed setting or turbine speed, 
when these quantities are approximately equal, moans a large error 
in their difference. Because of this inaccuracy, the dotted lines 
of figures 4(e) and 4(f) wore obtained by substituting other values 
of K^ into equations (5) and (6) until a reasonable approximation 

was found. For frequencies less than 2 reidiaas per second, the 
variation between the transfer-function approximation and the exper- 
imental frequency characteristic is of the order of 20 percent for 
the amplitude ratio against frequency plot in figure 4(e) and of 
the order of 14° for the phase angle against frequency plot in 
figure 4(f). 

Eange of control constants, - It is possible to eidjust inde- 
pendently the values of the integral and i>roportlonal constants for 
the control by two screw-type adjustments. The proportional setting 
1s defined as the number of turns of the adjusting screw frcaa its 
full-out position and the integral setting is defined as the number 


CO 
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of turns of the adjusting screw from its full-in position. Sereral 
runs were made at each setting of the control adjusting screws. The 
results of these runs are presented in the control calibration curves 
(figs. 5(a) and 5(b)). The proportional constant may be varied from 
approximately O.CX)4° to 0.0085° per rpm and the integral constant 
from approximately 0.0025° to 0.0061° per second per rpm. For any 
position of the control adjusting screws, the values of the propor- 
tional and Integral constants may vary as much as 15 percent from 
the values as given by oxirves in figure 5. This error is due in 
part to a steady-state instrumentation error of ^lo percent of the 
transient change and in part to an inability to measure the actual 
input (speed error) to the control. 


CCMPAEISON OF AHALOG SOIOTIOITS WITH EXPERTMEISTAL DATA 

The transfer functions were used as a basis to form an analog 
of the system. Analog solutions were obtained for comparison, with 
experimental transient data to determine the validity of the repre- 
sentation. 

An electronic-type analog was used in this study. The analog 
block diagram Is similar to the control- system block diagram presented 
in figure 2. Scale factors were determined from, the criterion that 
loop gains for the real and analog systems be identical. The max- 
imum time for the analog to ccmiplete a solution determined the time 
scale factor. Analog solutions are displayed in the form of traces 
cm a cathode-ray oscilloscope with time as the abscissa and a system 
parameter as the ordinate. 

A comparison of computed and experimental transient response 
data is shown in figure 6. For the experimental transient data 
• (figs. 6(a) and 6(b)), the control constants were set close to 
their maximum values and for the experimental transient data 
(figs. 6(c) and 6(d)), the setting was close to minimum values. 

The transfer functions and their constants for the analog solutlcms 
of figure 6 were determined by the preceding method from the 
experimental transient data. In all cases, the number of oscilla- 
tions and the percentage overshoot of the analog solutions and the 
experimental transient data were similar. The. deviation of the 
analog solutions from the experimental data is partly due to the 
nonlinearities of the propeller-pitch-change mechanism. One of 
these nonlinearities is i nd icated in the photorecording oscillo- 
graph trace of figure 3 as the time elapsed farom the initial beta- 
arm movement to the initial blade-angle movement. If the analog 
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solutions are translated to the right hy the amount of this elapsed 
time, about 0,3 second, a much better agreement between the analog 
soluticms and the experimental transient data will be obtained. 

As the agreement between the analog solutions and experimental 
transient data is considered to be satisfactory, an analog Investi- 
gation of response at altitude could be made. 


ALTITUnE KESPOWSE OP CONTEOLLED SYSTEM 

For the soglne, there are two factors that vary with altitude 
under conditions of constant flight speed; (l) the engine gain 
factor, and (2) the engine time constant. The engine time constant 
has been shown analytically to vary with altitude pressure emd tem- 
peratvire (reference 5) in accordance with the following relation; 

f\fe 

*^e,corr 

where Is the engine time canstant for any altitude, Te,corr 

is the time constant for HACA standard sea-level conditions, 9 is 
the temperature ratio, and 6 is the pressure correction factor. 
This relation has also been experim^tally verified at this labor- 
atory. Correction factors are also applied to the engine gain as 
follows 


K. 


e,corr 


^^oorr ^ Jl. - 
^Pcorr ^ 'a^ 


or 


Kq = Ke^corr fjQ 

where Kg is the engine gain at any altitude and Kg^corr 

engine gain at HACA standard sea-level conditions. Based on HACA 
standard^ltltude tables, the variation in engine time constant 
fr<ai sea level to 35,000 feet is 371 percent of its sea-level value, 
whereas the variation in engine gain factor from sea level to 
35,000 feet is only 13 percent. 

For analog studies, a single sea- level value of engine time 
constant was considered. This req.uires an examination of the 
values of the engine time constant throughout the sea-level oper- 
ating range of the engine. Sea-level equilibrium cbaracteristlos 
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of the T31-1 engine with the Aeroproduots A542J-17 propeller are 
shown in figure 7 where load torq.ue, referred to the turbine, is 
plotted against turbine speed for lines of constant blade an^e 
amd for lines of constant fuel flow. The acute angle between the 
Intersection of a line of constant fuel flow and a line of constant 
blade angle has been shown to be indicative of the engine time con- 
stant (reference 2) . It can be seen that variation of this angle is 
less than two to one; thus the variation of the engine time constant 
will also be in the order of two to one. As the variation in engine 
time constant is not large, a representative value of 2.9 seconds was 
chosen and a single study performed for this operating point. 

Another factor is that fuel-flow disturbances are not considered in 
the analog studies because the stability of a linear system may be 
studied by means of either fuel flow or speed-setting disturbances. 

In this report, only speed-setting disturbances were Investigated. 

Altitude pressure and temperature were not sensed by the 
original control component, thus the control constants do not vary 
with altitude. In order to investigate the condition of control 
constants Invariant with altitude, analog solutions for turbine - 
speed and blade-angle response were obtained for sea level, 

25,000 feet, and 35,000 feet. 

The system response was ailso investigated for two methods of 
control compensation at 35,000 feet. These two methods of control 
compensation are; (l) control ccxnstants vaa*ied to maintain the 
sea- level turbine-speed response at all altitudes, and (2) control 
constants varied to maintain the sea-level loop gain and the ratio 
of engine time constant to control time constant at all altitudes. 

Control constants invariant with altitude. - The control oon- 
stemts were not designed to vary with altitude or flight speed, thus 
the system response was investigated for the oondlticm. of fixed 
ocaitrol constants assuming constant fll^t speed, Tor this candl- 
tlcn, only the engine gain factor and engine time constant vary 
with altitude. The values of the component constants and the 
response of turbine speed and blade angle to a sudden change in 
speed setting for the three altitudes eire shown in figures 8(a) 
and 8(b). The system becomes more oscillatory as the altitude 
is increased as shown in figure 8(a), and the initial turbine- 
speed overshoot at 35,000 feet is tiriLoe the initial overshoot 
at sea level. In addition, as the altitude increases from sea 
level to 35,000 feet, the time for turbine speed to initially 
reach its final value increases from 1 second to 3.5 seconds and 
the time for tiirblne speed to settle out at its final value 
increases from 12 seconds to 65 seconds. The blade-angle response 
curves of figure 8(b) show the same forms of oscillation as the 
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speed response o^lrv■e3J also, the initial oTarishppt at 35,000 feet is 
approximately twice the initial OTershoot at sea level. Yarlation in 
the final value of hlade angle is due to the change in the gain 

factor with altitude. It should he noted that the effect of variation 
in fll^t speed is not considered in this report. 

An engine and control system, if operated as shown hy the turhine- 
speed and hlade-single responses of figures 8(a) and 8(h) for 
35,000 feet, could he seriously damaged, particularly when operated 
near the speed limit. Ehus, this system with an underdamped sea-level 
turhlne-speed response and fixed control constants may result in an 
unsafe system at 35,000 feet. If the control constants had been 
chosen to give a slightly \3nder-damped system at 35,000 feet and were 
invariant with altitude, then an overdamped system with a very long 
time to reach its final value would result at sea level. 

Control constants varied to maintain sea- level txjrhine-speed 
response atrall altitudes. - One of the primary difficulties with the 
system when the control constants were fixed was the widely varlng 
speed 2 reBponBe with altitude under conditlcna of constant flight 
velocity. Because of this variation in speed response with fixed 
control constants, am Investigation was conducted to determine the 
values of control constants that would result in sea- level turhine- 
speed response at 35,000 feet. The values of loop constants and the 
turhine-epeed and hlade-angle responses for 35,000 feet are shown in 
figures 9(a) and 9(h) as curve 2. Turhlne-speed response as shown 
hy curve 2 (fig. 9(a)) is Identical to the sea- level turhine-speed 
response, cinrve 1. However, the hlade-angle response as shown hy 
curve 2 is very dlff ©:?ent from the sea- level hlade-angle response , 
curve 1 (fig. 9(h)). The hlade-angle initial overshoot is 650 per- 
cent of final hlade-angle change and the hlade-angle initial undershoot 
is 100 percent of final hlade-angle change at 35,000 feet. These high 
values c£ hlade-angle overshoot eind undershoot could result in exces- 
sive torques and possible damage to the reduction gearing. At 
Increased altitudes, however, an increase in hlade-angle overshoot 
over that at sea level cein he tolerated because of altitude density 
reductions . 

The advantEige of this system is the identical speed response at 
all altitudes. The disad-vantagea are the excessive hlade-angle initial 
overshoot and initial vndershoot at high altitude and the oanq)llcatlan 
of additional sensing and computing equipment in the control to attain 
the altitude compensation. 

Control constant varied to maintain sea- level loop gain and rat io 
of A-ngi-nR time constant to control time constant at all altitudes. - 
Another method of altitude compensation investigated was the c ond ition 
of fixed loop gain and fixed ratio of engine time constant to control 
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time constant. In general. If the loop gain and. the time con- 
stant ratio are fixed, then the response will he similar at all 
altitudes. Eowerer, at an altltudn of 35,000 feet, the propeller- 
pltch-change-mechanlsm lag and the turhlne- speed-re cording lag heoome 
insignificant with respect to the Increased engine and control time 
constants, and the 2 ?esponse is less oscillatory at 35,000 feet than at 
sea leTel. The Talues of the loop constants and the turbine -speed and 
blade-angle responses for 35,000 feet are shown in figures 9(a) and 9(b) 
as curve 3. 

The initial overshoot of the speed response at 35,000 feet as 
shown by curve 3 is lees than the initial overshoot of the speed 
response at sea level, as shown by curve 1 (fig. 9(a)). HoweTer, the. 
time for turbine speed to initially reach its final value at 
35,000 feet is about 3 seconds as compared to only about 1 second at 
sea lewel. The initial blade-angle overshoot at 35,000 feet is 110 per- 
cent of the final blade-angle change as shown by curve 3 and 140 percent 
at sea level, c^nve 1 (fig. 9(b)). The disadvantages are the increasing 
rise time from sea level to 35,000 feet and the need for altitude 
sensing and conputlng equipment. A faster rise time may be achieved at 
35,000 feet if a more oscillatory system can be tolerated at sea level. 


SIM4AEY OF RESULTS 

An analog representation of a turbine -propeller engine and control 
system was foxmulated from sen- level static eaperlmental transient 
data. A satisfactory correlation was obtained between analog solutions 
and the experimental transient data. The analog representation was 
used to compute system response at altitude from which the following 
conclusions may be drawn; 

1. The actual engine- control system with an underdamped turbine- 
speed response at sea level and fixed control constants resulted in 
twice the initial turbine-speed overshoot at 35,000 feet as at sea- 
level and the time for turbine speed to settle out at its final value 
increased from approximately 12 seconds at sea level to about 

65 seconds at 35,000 feet. 

2. Tarlatlon of control constants to maintain sea- level turbine- 
speed response at all altitudes resulted in the initial blade-angle 
overshoot increasing from 140 percent of final blade-angle change at 
sea level to 650 percent at 35,000 feet. 

3. Tarlatlon of control constants to maintain system loop gain 
and ratio of engine time constant to control time constant at sea- level 
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TalTjes resulted In similar Initial turTjlne- speed and "blade-angle orer- 
shoots at all altitudes, "but an Increase in the time reg-ulred for 
turbine speed to first reach its final ■value from 1 second at sea 
leTel to 3 seconds at 35,000 feet. HoweTer, if a more oscillatory 
system may be tolerated at 35,000 feet, this method may be modified 
to pro'vi.de a faster 3?lse time at 35,000 feet. 


Le-vris Flight Eropulslon Laboratory, 

Wational Ad"vlsory Committee for Aeronautics, 
CloTeland, Ohio, 
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A 

[KG(io;)] c 
[KG(iu>)] 3 
[KG(iO))] 3, 
[EG(lco)j 3 
G(io;) 

K 

Ke 

S 


APEEJSDIX - SlfMBOLS 
amplitude ratio, [KG(luj)j 
control transfer function 

engine transfer function 

speed-measuring- Instrument transfer function 

propeller-pltch-change-mechanlsm transfer function 

function of loo representing time dependent part of 
transfer function 

constant or freq.uency Invariant portion of transfer function 
engine gain, rpm/deg 3 

control Integral constant, P/sec 

rpm 

control proportional constant, deg p/rpm 




speed-measuring- Instrument gain, rpm/rpm 


% 

Ns 

Q 

Nf 

1 

P 

Pa 


propeller-pltch-change-mecbanism gain, deg p/deg P 
actual turtlne speed, rpm 
measured turtine speed, rpm 
turlilne- speed setting, rpm 

load torq.ue referred to turtine, ft-lt 
fuel flow, It/hr 

imaginary numter, 1'^ = -1 
propeller-tlade angle, deg 
propeller "beta arm, deg 
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9 temperature correction factor, 

ambient atatic temperature 

KACA standard sea- level temperature 

6 pressure correction factor, 

ambient atatic pressure 
MCA stemdard sea-level pressure 

^ phase angle, tan'^ pf KG(ly.) 

• ^ ^ real paarb of KGiioj) 

Tp control time ccaistant, sec 

Tq engine time constant, sec 

Tj, speed -measuring time constant, sec 

Tp propeller-pitch-change -mechanl sm time constant, sec 

u) freqjjency, radlans/sec 


Subscripts : 

corr altitude corrected value 
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Figure 1. - Schenatlo diagram of typloal steady-sta-te and 
transient poaltion measuring circuit , 




H 

O) 


Control Propeller- Engine Speed- 

pitch-change measuring 

mechanism instrument 



Figure 2 . - Bloch diagram of turbine-speed - blade-angle control on turbine-propeller engine for 

analysis and analog studies. 


m3 


NACA EM E51B08 







I ( MMii'iiirM iMiiiMiittiimiiiiin ill tipiJtf'MM irTifTi mmmi i»iiti7TTTTTTTtiTT7iTTTTTT7TT7TTTTiiirtriMMttMTTTt««i««M>»7TjT7Tm 


3. - Typical tranelant rocorAliia shcwlus iyaton raepooeoa to ranp-typo dlsturbanoo In apead setting with constant fuel flow for 
turhine-propallor onsUis and tuihtne-ap^ - blade -anglB ocmtpol aystea. 
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Tlgjjn 4. - Cantlnned, VpeqiuDa; cliar4<it4r].Btlo of Bxsteu ocapcnonte as Aatemlnsd trim himnnlc bobI/bIb of expBrlJiisntal 
trmieleiit rsspoDBe to raiip-t^ dlatoybanoas in speed setting with oanstont fuel flew end an appporliSBted bj transfer 
functions for tnrblne-propoller engine and turbine-speed - blade-angle control srsten. 
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Amplitude ratio of 





(c) Propeller-pitch-change mechanlgm amplitude ratio relation. 


Figure 4. - Continued. Frequency characteristic of system ccmponents as determined from 
harmonic analysis of experimental transient response to ramp-type dlsturhamces in speed 
setting vlth constant fuel flow and as approiimated hy transfer functions for turhine- 
propeller engine and turbine-speed - blade-angle control system. 
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Phase angle of iog 


O Earmonlo analysis of transient data 
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P " l+lTpK) 
1 


1+1 0.5 “ 


.01 £& .W .06 .06 a .2 .4 .8 .8 1 2 4 6 

rreq^uency, <D, radlana/sec 

(d) Propellor-pltoh-Qhange neohanlem phaao angle ralatlon. 

Figure 4. - Ccntlnued, Proq.ueuoy ohaxaoterlstlo of aysten components as detamlnad fron hnrmonlo analyele of escpertniental 
transient response to lemp-type disturbances In speed setting vlth oonstant fuel flow and as approximated by transfer 
functions fcpr turbine-propeller engine and turbine-speed - blade-angle control system. 
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(e) Control an^lltude ratio relation. 




Figure 4. - Continued. Frequency characteristic of oystem ocB^onentB as determined frcin 
harmonic analysis of eii)erliiiBntal transient response to ramp-type dlsturhances In speed 
setting vlth constant fuel flow and aa approxlnated by transfer fnnotiona for turbine- 
propeller en gflne and turblne-speed - blade-angle control system. 
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rigur» 4. Concluded. SiwquonBj characteristic of syatam oomponento aa detemlned from har»oiilo aualyala of eiperlneittal 
tranelent reapooae to raap-tjpe ditrtorbancea in apeM Betting with oonatant fuel rUw aiift as approzlnatea by tranafor 
funotlooB for tcrhlns-propeller engine and turhlne-apeed ” hlade-eujgle control syaten. 
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Turns of control eul Justing screw froa full-out position 


(a) Proportional constant Kp. 

Figure 5. - Calibration of turbine-sneed - blade-angle control. 


2114 



2114 



' 0 4 8 12 16 : 20 24 28 32 


fuma of ooDtrol ad^uatlng eorew frcm full- In poeitlon 
(■b) Intaffral ccmatant Ej, 

Tigura 5. - Conoluded • Callbratltxi of turblne-apaad - blade-angle oontrol. 
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00 


— Aniiloe ■olntlon 
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(■) lurhlns apud, Kp, 0.0064 lag f/rpt; O.OOS8 (1^ p/aae)/ria; To^ 1.23 aeo| tnAbia-Bpaed ohaogs, 11,940 to 12,410 rp«; 
tlala-aaglo olaiigB, 30.3® to 88.1®; load-tcrqiBia ohanga, 604 to 486 foot-pottola. 

Tiffcn 6. - CcaperlacKL of axparlaantsl tranaloat raapgoaa an! amlcg aolntlcau to raop-tn* llatmliauoaa In apaol aottlng vlth oonataot 
fbal fltar for turtplno-propallar engiiis and -tautlna-apaad - blada-angla oaotrol ajatan. (Analog aolntloti detonalnad fra baxwulo 
anolrala and tronafacr fdootloa epp*'cadbaatl<ai.) 
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3H*a, wo 


0>) Blaio anglo. Kp, 0.0064 dag P/rp«! Kj, 0.0066 (dag 6/wo)/ria( 1.23 «90| torhlna-spwd change, 11,940 to 42,410 rp«: 
bJMi-angla ohane#, SO. 3° to 28.1*'} load-toe^tte otengo, 504 to 485 foot-poonda, 

Figure 8. • Omtinued,. CoMparleon of experlamrtal trenglent reaponoe and analog aolnticuB to raap.-t7i>e dlatuitauoee In npead aetting with 
oonatant fnel flow fop torMne-ppopallar engine and tnrhlue-apead - blade-angle oontpol sjrateai. (Analog aolntlon datarBlnod froo 
banNnlo asolyila and ttanafer fonoticD apprcKiiatlon. } 
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Tlnal ohange, pcrout 
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Tlae, B«c 


(c) Turbina «iw*a. Kp, 0.0040 deg p/rsni I|, 0.0053 (deg 6/*ec)/rjB; |p, 1.3S »ae; tortlne-apirt chenae, 11,440 to 12,060 rjn; 
blade.«tigXe olKoge, 36.4<’ to 25.4°f lcnl-t<B^ue cbonge, 355 to £76 foart-poanda. 

npira 6. - Contlnuod. Codp«rlaoe of ejjwritaaatal larinBteint reqpmiBS and aoOoa aolntlona to raap-tjpe dUtoi'banoas in apead iottlng vlth 
oonatant fuel flw ftor tnrblna-jipopallar aogtiM and tnrtlna-apoed - bUde-angJ-* oonlirol ajalMB. (AqaloB aolwtltai dataratnad froa 
bamonto analjrala aoS tranafar fnnotloa appradBattan.) 
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(a) BIbiIo onslo. *pi 0.0040 d»B B/rp“i Kj, 0.003E (iog 0/Me)/n«| T(j, 1.2S leo; turbln»-apB«4 ohaogB, U.,440 to 12,080 rD«j 
blado-anelB ehangB, 2B.*° to 25.4°: lood-toriiuo ohsiiBs, 333 to 279 foot-pounas. 

Wffliro 6. - Concludoft. 0 i« 9 «rlMn oT oxyoortaoirtal tmiwlsnt roiponaa aM awloe bo^odb 

”«nrt«it fiM.1 floir for tSbloe^pellw englno and turbUw-apaed - bbsio-anslo oontrol wartao. (Analog aolatlon datanilnad from 
ham»lc BJVftlyBl* aoO. tjjanafer functtcn appMoclmatloi.) 
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Vigarm 7. - Itolstlon bstwnoL snglsa laid t<n^u« aod toi^lDe ap«ed t<xt ootutaut lilnda an^ and fnal flo« 
as obtaiiMd Troa Baa-lerel loro-nx. ssqwrliuittal data far tur^lna-propallar anglne vltb Aeraprodueta 
A54CT-Wwop»lljar . 
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Time, B80 
(a) Turbine speed. 

Figure 8. •* Computed altitude transient response of turbine speed and blade angle for 
turbine -props Her engine ervi turbine-speed - blade-angle control systeini with flied- 
oontrol constants. 
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Figure 0. - Conoloded. Ccnpated altitude traneleat raspanae of turbine speed and blade angle for 
turbine-propeller engine aal tnrblne-epeed - blade-angle oontrol ejotem vlth fiied-control 
oonatante. 
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Figure 9. - Computed turbine apeed and blade angle transient reeponee at eea level and 
35,000 feet of turbine-propeller engine vlth turbine-speed - blade-angle control 
system, for various values of control constants. 
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Sea-level response. 

-Control constants varied to maintain sea-level turbine-speed response 
at 35,000 ft. 

- Control constants varied to maintain sea- level loop gain and ratio of 
engine time constant to control time constant at 35,000 ft. 
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(b) Blade angle. 

Figure 9. - Concluded. Computed turbine speed and blade angle transient respanso at sea level and 
35,000 feet of turbine-propeller engine with, turbine-speed - blade-angle control system for 
various values of control constants. 
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